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This application claims priority to an application entitled "Method for Performing 
Hard Hand-ofFin Cellular Mobile Communication System" filed with the Korean Industrial 
Property Ofifice on February 3, 2001 and assigned Serial No. 2001-5242 , the contents of 
which are hereby incorporated by reference. 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 



The present invention relates to a cellular mobile communication system, and in 

□ 

ilQ 15 particular, to a method for performing a hard hand-ofif between service areas of base 

,U stations. 

•iJ 

li 

[A 

i y 2. Description of the Related Art 

Fig. 1 is a diagram illustrating a construction of a conventional cellular mobile 
Q 20 communication system. Referring to Fig. 1, a plurality of base transceiver subsystems 
(BTSs) 20, 30, 40 connect mobile communication terminal 10 within the corresponding 
cells 21, 31, 41 to radio channels, and perform communications. A base station controller 
(BSC) 50 controls the plurality of BTSs 20, 30, 40. A mobile switching center (MSC) 60 
connects the BSC 50 to other subscriber systems. The mobile communication system 
25 constructed above provides a soft or hard hand-off fimction so that the mobile 
communication terminal 10 can maintain a call while movmg between the cells. 

In a mobile communication system operating under code division multiple access 
(CDMA) technology, a single frequency channel can be basically classified into a plurality 
of code channels. Therefore, all the base stations have at least a single common frequency 
30 assignment (a common FA). However, where there is a need to increase capacity due to an 
increase of users, new frequency assignments may be added to several base stations. For 
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instance, downtown areas of cities having quite a number of subscribers require many more 
frequency assignments, while suburbs require less number of frequency assignments. Here, 
a hard hand-ofif occurs when the mobile communication terminal is moving from a source 
station to a destination station, and when the destination station is imable to provide 
5 services with the frequency assignment currently engaged in conmnmication with the 
mobile terminal. 

The service area covered by a particular frequency assignment unavailable to 
adjacent stations is defined to be a border cell. Data on the border cell is stored in the BSC 
50. The mobile communication terminal entering into the border cell searches a target 
10 frequency assignment (a target FA) under any conditions so as to be ready to perform the 
hard hand-oflf. At this stage, the mobile communication terminal searches the common FA 
i,^ of the base station it is currently engaged in commimication with as well as of all the 
[if adjacent stations. Normally, the signal of the common FA of the base station that the 

i'=^ mobile communication terminal is currently engaged in communication with is detected to 

□ 

rg 15 be the most mtensive. 

Fig. 2 is a diagram illustrating an operation of a hard hand-ofif according to the 
i{ conventional technology. The source station and the destination station are divided into 

fy three sectors a, P, Y» respectively. The sectors in the source station can provide services 

f3 

with IFA and 2FA, while the sectors in the destination station can provide services with 
H 20 IFA only. If the a sector is the only sector among all the sectors in the source station 
adjacent to the destination station, the area of services provided with the 2FAof the a sector 
is set to be a border cell. Data on such border cell is pre-stored in the BSC. 

Referring to Fig. 2, if the mobile communication terminal, currently engaged in 
communication in the p sector of the source station with the 2FA, enters the overlapping 
25 area between the a sector, which is a boundary cell, and the P sector, the mobile 
commimication terminal connects the communication with both the 2FA in the a sector and 
the 2FA in the P sector due to a soft hand-ofif, and starts searching the target FA from all the 
available common FAs. This is because the a sector is a boundary cell. As the mobile 
communication terminal moves toward the destination station, the signal from the a sector 
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becomes weak. Then, the target FA should be determined. 

Under normal circximstances, however, the characteristic of the radio frequency 
signal is unstable in the boundary cell area due to interference between frequencies. 
Therefore, the IFA, which is the common FA of the source station rather than that of the 
5 destination station, can be determined as the target FA. In that case, the mobile 

communication terminal drops both the 2FA of the OC sector and the 2FA of the 3 sector to 
perform a hard hand-off to the IFA of the a sector. In other words, the mobile 
communication terminal performs a hard hand-off in the overlapping area between the (X 
sector and the P sector as well as in the boundary cell. Moreover, if the mobile 
10 communication terminal enters deeper into the destination station, the hand-off to the 
M destination station needs to be performed once more. 

In the method for performing a hard hand-off under the conventional technology as 
ilj described above, even the overlapping area between the boundary cells and adjacent cells 
i;9 thereof are recognized as boundary cells. As a result, an unnecessary hard hand-off 
Q 1 5 operation is performed because the common FAs of all the base stations, including the base 
station currently engaged in commxmication, have been searched. As is well known, the 
I'U hard hand-off poses a problem of lowering the quaUty of communication because the call is 
'1.^ re-connected once it is dropped. 

□ 
u 

20 SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to provide a method for 
performing a hard hand-oflf in a boundary cell. 

It is another object of the present invention to provide a method for performing a 
25 hard hand-oflf that can search conmion FAs only of the base stations excluding the base 
station currently in communication when determining a target FA in a boimdary cell. 

According to one aspect of the present invention, there is provided a method for 
performing a hard hand-oflf in a cellular mobile communication system, comprising the 
steps of: setting a service area covered with an FA unavailable to adjacent stations; entering 
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into the set boundary cell by a mobile communication terminal during communication; and 
searching FAs of adjacent stations excluding the base station currently engaged in 
communication so as to determine a target FA, with which the mobile communication 
terminal is to perform the hard hand-oflf. 
5 According to another aspect of the present invention, there is provided a method 

for perfomiing a hard hand-oflf in a cellular mobile communication system, comprising the 
steps of: setting a service area covered with an FA unavailable to adjacent stations; 
establishing a call in the set boundary cell by a mobile communication terminal to initiate 
communication; and searching FAs of adjacent stations excluding the base station currently 
10 engaged in communication so as to determine a target FA, with which the mobile 
commxmication terminal is to perform the hard hand-off. 

'■3 BRIEF DESCRIPTION OF THE DRAWINGS 

□ 

1=3 15 The above and other objects, features and advantages of the present invention will 
become more apparent from the following detailed description when taken in conjunction 

'Its 

ii with the accompanying drawings, in which: 

III Fig. 1 is a diagram illustrating a construction of a conventional cellular mobile 



''-'^ communication system; 

Si 

□ 20 Fig. 2 is a diagram illustrating an operation of a hard hand-oflf according to the 

conventional technology; 

Fig. 3 is a flow chart illustrating a hard hand-ofif operation according to the present 
invention; 

Fig. 4 is a diagram illustrating the hard hand-oflf operation according to the present 
25 invention; and 

Fig. 5 is a diagram illustrating a service area of base stations having a diflferent 
nxmiber ofFAs. 



30 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Preferred embodiments of the present invention will be described herein below 

4 
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with reference to the accompanying drawings. In the following description, well-known 

functions or constructions are not described in detail since they would obscure the 

invention in unnecessary detail. The terms to be described herein below are the ones 

defined by considering their functions in the present invention, and may be variable 

5 depending on the intention of the user or a practice. Therefore, those terms should be 

defined in light of an entire context of the specification. 

Fig. 3 is a flow chart illustrating a hard hand-off operation according to the present 

invention. Referring to Fig. 3, the mobile communication terminal mitiates a call in a 

boundary cell in step SI 10. In other cases, the mobile communication terminal currently 

10 engaged in conmixmication enters the boundary cell firom an adjacent cell in step 110. 

Here, the boundary cell is a geographical area, in which services are provided with an FA 

i,^ unavailable to adjacent stations. Data set for the boundary cell is pre-stored in the BSC. 

52 To specifically describe step 110, each base station and/or sector transmits a pilot 

l signal containing original identifier data by using all the available FAs. The mobile 

j'Q 15 communication terminal measures all the pilot signals having a detectable intensity, and 

reports the measured values to the BSC through the base station currently in tune. The 

n BSC controlling the hand-ofi* operation can determine whether or not the mobile 

j'y communication terminal is engaged in communication within the boundary cell by using 

i'3 the reported results. If a determination of the results finds that the mobile communication 

□ 20 terminal is currently engaged in conummication within the boundary cell, the BSC 

transmits a candidate fi-equency search request message (CFSRM) to the mobile 

communication terminal. The CFSRM commands searching for a target FA, with which 

the hard hand-off is to be performed. 

In step 120, the mobile conmiunication terminal starts searching the FAs of 

25 adjacent stations in response to the CFSRM. Here, the mobile communication terminal 

searches the common FAs of all the adjacent stations except the base station it is currently 

engaged in communication with and reports the measured pilot signal intensity values to 

the BSC. The searching and reporting operations continue while the mobile 

communication terminal performs communication in the boimdary cell. 

.30 If hard hand-off performing conditions are satisfied while the mobile 

communication terminal performs conununication in the boundary cell in step SI 30, one of 

5 
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the common FAs of the adjacent stations searched in step SI 20 is determined to be a target 
FA, with which the hard hand-off is to be performed. 

To specifically describe step SI 30, the BSC analyzes the pilot signal intensity 
values measured and reported by the mobile conraiunication terminal in step SI 20 to check 
5 if the values satisfy the hard hand-off performing conditions. For instance, if the mobile 
communication terminal determines the signal intensity level of the boundary cell, in which 
the mobile communication terminal is engaged in conmiunication, to be lower than the 
predetermined drop level T_DROP for a predetermined reference time T_TDROP, the BSC 
determines a target FA, with which the hard hand-off is to be performed, among the 
10 common FAs of the adjacent stations that have been searched and reported by the mobile 
communication terminal. Here, the target FA may be determined to be an FA having the 
highest degree of signal intensity among the searched and reported common FAs. 
Ji^ In step SI 40, the mobile conmiunication terminal performs the hard hand-oflFwith 

its? 

i'^ the determined target FA under the control by the BSC. 

ijg 15 To specifically describe step SI 40, once the target FA is determined, the BSC 

transmits a message commanding a hard hand-off to the mobile commumcation termmal. 
The message conraianding the hard hand-oflf includes data on the determined target FA. 
Then, the mobile communication terminal disconnects the FA currently engaged in 
^ communication fi-om the boundary cell, and retains conmiunication by connecting the 
j;3 20 determined target FA. Here, the determmed target FA is an FA of an adjacent station. 

Therefore, the mobile communication terminal acts as if it has performed a hard hand-oflf 
with the FA of the adj acent station. 

By taking the above steps, the mobile communication terminal can directly perform 
the hard hand-oflf fi-om the source station to the destination station. In particular, the 
25 present invention is applicable to a softer hand-off state, in which the mobile 
communication terminal connects communication with two or more sectors of the source 
station, or to a soft hand-oflf state, in which the mobile communication terminal connects 
communication with two or more base stations. 

Fig. 4 is a diagram illustrating the hard hand-oflf operation according to the present 
30 invention. Referring to Fig. 4, the source station and die destination station are divided into 
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three sectors of (X, |3, y. respectively. The sectors of the source station can provide services 
with IFA and 2FA, while the sectors of the destination station can provide services with 
IFA only. Here, the IFA is a common FA. If the CL sector is the only sector among the 
sectors of the source station adjacent to the destination station, particularly to the P sector 
of the destination station, the 2FA of the a sector is determined to be a boundary cell This 
is because the destination station cannot provide services with the 2FA. The data on the 
common FA and the boundary cell are pre-stored in the BSC that uses such data for 
analyzing the pilot signal intensity measured and reported by the mobile communication 
terminal. 

Fig. 4 shows that each sector has an exact fan shape. In fact, however, the sectors 
are overlapped in their boimdaries. If the mobile conranmication terminal currently 
engaged in commimication with the 2FA of the P sector within the source station enters the 
overlapping area between the p sector and the a sector (i.e., softer hand-off area), the BSC 
commands the mobile communication terminal to connect communication with both the a 
sector and the P sector by means of the softer hand-off, and transmits the CFSRM to the 
mobile communication terminal. This is because the 2FA of the a sector is a boundary cell. 
Here, the CFSRM includes data on the adjacent stations as well as on the common FA, e.g., 
the data commanding the IFA, which is a conmion FA of the destination station in case of 
Fig. 4. 

The mobile commimication terminal starts searching the IFA of the destination 
station in response to the CFSRM. Here, the mobile communication terminal does not 
search the IFA of the soiu-ce station. Since the destination station does not provide services 
with the 2FA, the service area 23 of the source station 20 covered with the 2FA becomes 
wider than the service area 21 of the source station 20 covered by the IFA, as shown in Fig. 
5. Therefore, if a hard hand-off has occurred in the overlapping area between the source 
station and the destination station (area 1 + area 2), the mobile communication terminal 10 
needs not perform a hard hand-ofif with the IFA of the source station 20. For this reason, 
the mobile communication terminal can search the target FA of the hard hand-ofif without 
searching the IFA of the source station. 

7 
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The mobile communication teraiinal regularly searches the common FA of the 
adjacent stations, i.e., the IFA of the destination station, and reports the measured pilot 
signal intensity values to the BSC. 

As the mobile communication terminal moves toward the destination station, if the 
5 signal intensity of the a sector sustains the level of being lower than a predetermined 
truncated reference level T DROP for a predetermined reference time T TDROP, the BSC 
determines that a hard hand-off needs to be performed, and determines the p sector of the 
destination station among the common FAs of the adjacent stations searched by the mobile 
communication terminal to be a target FA to perform the hard hand-oflf. If the BSC 
10 commands the mobile commimication terminal to perform a hard hand-off, the mobile 
communication terminal performs the hard hand-off from the 2FA of the a sector of the 
source station to the IFA of the p sector of the destination station under the control of the 
BSC. 



□ 

U Referring to Fig. 5, the hard hand-oflf is generated in the overlapping area 1 as well 

Q 15 under the conventional technology. However, the present invention narrows the hard hand- 

""^ off area by preventing the hard hand-off in the overlapping area 1 . 

11 

1^*^ The present invention operated as described above has its major effects as follows. 

ry 

113 Deterioration of call qualities caused by a hard hand-off is minimized by narrowing 

a hard hand-oflf area, and the load laid on a system is reduced by not performing 

U 20 unnecessary hard hand-offs. Moreover, even if no call setting is allowed in a boundary cell 
as in the cellular mobile communication system operating imder IS-95A or IS-95B, waste 
of source in the boundary cell is minimized by allowing the call in the boundary cell for a 
longer period of time. 

While the invention has been shown and described with reference to certain 
25 preferred embodiments thereof, it will be understood by those skilled in the art that various 
changes in form and details may be made therein without departing from the spirit and 
scope of the invention as defined by the appended claims. 



